Objective-This study was designed to examine the variability in timing of peak weight loss in behavioral treatment, i.e., when during treatment participants reach their greatest amount of cumulative weight loss.
Introduction
Improving weight loss maintenance (i.e., preventing weight regain after an initial period of weight loss) is a key focus of current research in obesity (1) . Behavioral weight loss treatment is the first line of intervention for adults with obesity, but long-term results are disappointing, as weight regain is normative (2) . As a result, many studies focus specifically on improving outcomes after an initial weight loss period (e.g. 3, 4, 5) . Extending the length of behavioral treatments has promise because data indicate that ongoing treatment contact may improve long-term outcomes (4, 6, 7) .
Long-term treatment programs are typically designed, methodologically and clinically, with the expectation that after an initial period of weight loss lasting several months, participants will transition to a period of weight loss maintenance and/or weight regain. However, there is limited consensus and little empirical evidence that establishes precisely when during treatment participants reach their greatest amount of cumulative weight loss (i.e., when their initial period of weight loss naturally ends). Among the 11 studies included in a metaanalysis conducted to evaluate the impact of extended care on weight regain after initial weight loss, the length of the initial weight loss interventions ranged from 3 to 6 months, with a mode of 5 months (8) . In a meta-analysis of 42 trials of non-surgical weight loss maintenance interventions, the initial weight loss phases of treatment ranged from 2 to 12 months, with a median of 4 months (9) . Thus, investigators' appear to vary in expectations regarding when an initial period of weight loss should or will end. However, the design of these studies is generally consistent with the conventional wisdom that most individuals reach their peak weight loss, i.e., their greatest amount of cumulative weight loss, in the first 3 to 6 months of behavioral treatment (1, 2, 10) .
Verifying when during treatment participants reach their peak amount of total weight loss is important for several reasons. The trajectory of weight loss has methodological implications, particularly as studies are increasingly being designed to focus specifically on weight loss maintenance. Timing of peak weight loss may also have clinical implications. After several months of treatment that focus on inducing weight loss, many interventions deliver content and build skills specifically focused on preventing weight regain. However, if a meaningful proportion of participants are reaching their peak weight loss earlier or later than assumed, there may be a mismatch between their experiences or goals and the focus of the behavioral intervention, which could undermine treatment engagement or response. Information on variability across participants in timing is also important to gather, because data on this aspect of weight loss trajectory is particularly lacking. Substantial variability in timing of peak weight loss among participants in group-based treatment also could have implications for group dynamics, and might influence a participant's self-efficacy or motivation. For example, participants might feel discouraged if they experience plateaus in their weight loss while other group members continue to lose weight.
The present study was designed to provide descriptive information about the timing of peak weight loss (i.e., maximum amount of cumulative weight loss) during long-term behavioral treatment. This study was conducted as a secondary analysis, drawing upon data collected from two clinical trials, both of which have previously reported their primary outcomes (11, 12) . Both clinical trials provided 12 months of group-based behavioral treatment, with sessions meeting less frequently in the second half of the treatment year, and conducted assessments through 24 months (i.e., 12-month follow-up).
Methods

Participants
In the two clinical trials of behavioral weight loss from which data for these analyses were drawn, participants were adults recruited from the community. BMI inclusion criteria were 27 to 45 kg/m 2 in study 1 (11) and 27 to 50 kg/m 2 in study 2 (12) . In both studies, participants age 18 to 70 years were enrolled. Participants were excluded during screening if they had a medical or psychiatric condition that might limit their ability to comply with the behavioral recommendations of the program or pose a risk to the participant during weight loss, had contraindications to exercise, recently began a course of or changed the dosage of medication that could cause significant change in weight, or were pregnant or planned to become pregnant during the study period. Written informed consent was obtained from all participants upon enrollment. Study procedures were approved by the Drexel University institutional review board.
Study Design
In each study, participants were randomly assigned at baseline to behavioral treatment conditions that varied the type of skills taught. For the present study, only the participants who were randomly assigned to the standard behavioral weight loss condition were included in the testing of primary aims, in order to maximize the generalizability of results. As a posthoc exploratory aim, patterns of weight loss in the experimental (i.e., non-standard) treatment arms also are reported separately. Treatment was delivered in 75-minute sessions in closed groups held in a research clinic on a university campus. Clinicians had graduate training in psychology and previous experience conducting behavioral weight loss interventions. Treatment was provided over a period of 12 months, with 26 sessions in study 1 and 25 sessions in study 2. In both studies, the first 16 sessions were held weekly. In study 1, this was followed by four sessions held bi-weekly and then six monthly sessions. In study 2, the weekly sessions were followed by five sessions held bi-weekly, two sessions held monthly, and finally two sessions held bi-monthly.
Treatment
The standard behavioral treatments (i.e., BT) were based on the Look AHEAD (13) and the Diabetes Prevention Program protocols (14) and were representative of the traditional approach to behavioral weight loss. Participants learned skills for setting specific behavioral goals and were encouraged to restrict calorie intake to 1200-1800 kcal per day and gradually increase their physical activity until they reached an ultimate goal of 250 minutes per week of aerobic activity. Self-monitoring of calorie intake, physical activity, and weight was a core skill. Participants also learned skills for stimulus control, relapse prevention, problem solving, and social support. When meetings transitioned from weekly to bi-weekly (after 4 months of treatment), the program began to integrate weight loss maintenance skills with topics such as coping with plateaus in weight and identifying strategies to prevent weight regain. Although a 10% weight loss goal was suggested, participants had autonomy in choosing when they transitioned from a goal of weight loss to weight loss maintenance. Participants were not permitted to share information about specific amounts of weight change in group, but they often shared more general information about satisfaction or discouragement with their weight trajectory.
As noted, exploratory analyses were conducted to describe patterns in the experimental treatment arms of these studies. In Study 1, the "BT+E" condition had an emphasis on modifying the home food environment in a way that would facilitate healthy eating, while "BT+EA" included this environmental emphasis and also taught acceptance-based skills. In Study 2, the "ABT" condition also taught acceptance-based skills. The acceptance-based treatments encouraged a stance of openness towards uncomfortable internal experiences encountered as part of weight loss efforts, while choosing behaviors that were consistent with values and long-term goals.
Measurement
Assessments were completed by blinded research staff during research visits at baseline, 6 months (i.e., mid-treatment), 12 months (i.e., end of treatment), and 24 months (i.e., 12-month follow-up). In addition, weight was measured by the treating clinician at the beginning of each treatment session. In all cases, weight was measured with a digital scale accurate to 0.1 kg with the participant wearing street clothes. Height was measured at baseline with a stadiometer in order to calculate BMI. Demographic information also was collected via self-report at baseline.
Statistical Analyses
Data from the two samples were analyzed separately in order to provide a more rigorous test of study aims (i.e., to determine if similar results were observed in each sample). All results reported are from the standard behavioral weight loss conditions, other than a post-hoc exploratory analysis of the experimental treatment arms. Descriptive statistics of baseline characteristics for each sample were computed. Outcomes were timing and amount of peak weight loss, as well as amount of weight loss at 12 months (i.e., end of treatment) and 24 months (i.e., one-year follow-up). To calculate the timing and amount of peak weight loss, total weight loss at each session was calculated by subtracting weight at the current session from weight at the first session. Timing of peak weight loss was operationalized as the treatment session at which a participant reached his or her greatest amount of total weight loss. Peak weight loss amount was defined as the largest cumulative weight loss (i.e., total amount lost since beginning treatment) that a participant achieved during treatment. Variability in peak weight loss and timing of peak weight loss were explored by examining descriptive statistics and frequency tables, with particular attention paid to results before and after 4 months (a common length of programs for induction of weight loss (9)), 6 months (which conventional wisdom suggest should conservatively mark the end of active weight loss (10)), and 8 months (based on anecdotal experience that many participants peak at this time). Associations between timing of peak weight loss and demographic and clinical characteristics were examined with Pearson correlations for continuous variables (age, baseline BMI, session attendance, monthly rate of weight change) and independent samples t-tests for categorical variables (sex, race). The relationship of timing of peak weight loss to amount of peak weight loss, weight loss at 12 and 24 months, and weight regain from peak session to 24 months was examined using OLS multiple regressions, controlling for session attendance and baseline BMI.
Missing data were handled using two methods. First, analyses were conducted with and without participants who dropped out during the first 6 months of treatment (n=14 in study 1, n=13 in study 2), since early dropout could influence patterns of peak weight loss.
Second, analyses were run with and without multiple imputation for missing research assessment weights (i.e., weights measured at months 12 and 24), which was performed in SPSS using MCMC algorithms known as chained equations imputation (15). Rubin's rules were used to combine analysis results from multiply imputed data. Overall, patterns remained similar regardless of whether early dropouts were excluded or missing research weight data were imputed. The analyses presented here include all participants, with multiple imputation used for missing weights at research assessments to present conservative estimates of weight loss. Analyses were conducted using R and SPSS. All reported p values are based on 2-sided hypotheses and statistical significance is taken at the 5% level.
Results
The samples were comprised primarily of female, non-Hispanic White or African-American participants (as shown in Table 1 ). On average, participants (n = 88 in study 1, n = 90 in study 2) attended 74.6% of group treatment sessions in study 1 and 83.5% of group sessions in study 2. Retention in research assessments among participants in the standard behavioral treatment condition was as follows: study 1: 92.0% at 6 months, 84.1% at 12 months, and 79.6% at 24 months; study 2: 85.6% at 6 months, 81.1% at 12 months, and 72.2% at 24 months.
Mean amount of peak weight loss (measured at the session at which the greatest cumulative weight loss was observed for each participant) was 10.7 kg (SD=6.9) in sample 1 and 12.4 kg (SD=6.5) in sample 2. Peak weight loss occurred at a mean of month 6 in both samples. Figure 1 shows the proportion of participants in each sample who reached their peak weight loss at each session throughout treatment.
The clinical significance of peak weight loss was explored by examining how much weight participants lost between a given point in treatment and their peak weight loss session. Among participants who peaked after 4 months (75.0% of sample 1, 80.0% of sample 2), the mean amount of additional weight loss achieved between 4 months and the peak session was 4.97 kg (SD=3.30) in sample 1 and 4.20 kg (SD=3.50) in sample 2. (In other words, among the participants who reached their greatest amount of cumulative weight loss after 4 months, mean weight loss from month 4 to the session at which peak weight loss was observed was 4.97 kg in sample 1 and 4.20 kg in sample 2.) Among participants who peaked after 6 months (56.8% of sample 1, 47.8% of sample 2), the mean amount of additional weight loss achieved between 6 months and the peak session was 2.2 kg in sample 1 and 2.0 kg in sample 2. Among participants who peaked after 8 months (45.5% of sample 1, 22.2% of sample 2), the mean amount of additional weight loss achieved between 8 months and the peak session was 2.75 kg (SD=1.68) in sample 1 and 2.22 kg (SD=1.60) in sample 2.
Timing of peak weight loss was not associated with age (study 1: r(86) = 0.05, p = .62; study 2: r(88) = 0.06, p = .58), sex (study 1: t(86) = 0.65, p=.52; study 2: t(88) = 0.03, p=.97), or baseline BMI (study 1: r (86) = −0.12, p = .27; study 2: r(90) = 0.002, p = .99). In study 1, participants identifying as white reached peak weight loss significantly later in treatment than participants identifying as non-white (t(43.56) = 2.35, p = .01); in study 2, timing of peak weight loss did not differ by race (t(88) = 0.71, p = .48). In both studies, there was a significant association between timing of peak weight loss and session attendance, such that participants who peaked later in treatment attended a greater number of sessions (study 1: r = 0.74, p<.001; study 2: r = 0.82, p<.001).
As shown in Table 2 , timing and amount of weight loss were strongly related, such that participants who peaked later in treatment achieved greater maximum weight losses and had greater total weight losses at months 12 and 24 after controlling for session attendance and baseline BMI. To illustrate these patterns, Figure 2 divides participants into categories of weight loss peak timing (i.e., at or before 4 months, between 5-6 months, between 7-8 months, or after 8 months), and shows the mean amount of peak weight loss and weight loss at 12 and 24 months for each category.
Weight regain was further examined by calculating the percent of maximum weight loss regained at month 24. Timing of peak weight loss did not predict this outcome at month 24, controlling for session attendance and baseline BMI (study 1: F(3,6.02) = 0.66, p = .61; b = −11.57, S.E. = 6.94, t(84) = −1.67, p = .11; study 2: F(3,10.26) = 1.17, p=.37; b = −11.44, S.E. = 6.70, t(86) = −1.71, p= .09). Monthly rate of weight change from treatment start until peak session was also calculated. In study 1, there was no association between rate of weight loss and session at which peak weight loss occurred (r (86) = .124, p = .25); in study 2, participants who peaked later in treatment had a slower rate of weight loss from treatment start until peak session, (r (88) = −0.26, p = .01).
As shown in Table 3 , timing and amount of peak weight loss were also examined as an exploratory aim in the experimental arms of study 1 and study 2; data from the BT arms of these samples are also reported in Table 3 for reference. Table 4 shows that timing and amount of weight loss were associated in the experimental arms of these studies, such that participants who peaked later in treatment achieved greater maximum weight losses and had greater total weight losses at month 12 (study 1 and study 2) and month 24 (in study 1 only) after controlling for session attendance and baseline BMI.
Discussion
Conventional wisdom is that weight loss reaches its peak in the first three to six months of behavioral treatment. While the average (i.e., mean) timing of peak weight loss observed in the current study was consistent with that conventional wisdom, remarkable variability was observed: approximately half of participants in a 12-month behavioral weight loss program reached their maximum amount of cumulative weight loss during the second half of the treatment year. Most studies of long-term weight loss treatments have been conducted with initial weight loss phases that were approximately 4 or 5 months in length (8, 9) . The results from the current study suggest that researchers should expect that some participants can continue to lose clinically significant amounts of weight during the conventional "maintenance" period, introducing variability into weight trajectory during this time. This may create complexity when designing, evaluating, and interpreting the results of long-term treatment programs. It also suggests that some of the benefit of intervention contact that continues after an initial phase of intervention may not be the result of preventing weight regain, per se, but rather from facilitating a continued trajectory of weight loss.
Participants who reached their peak amount of weight loss earlier in treatment had smaller peak weight losses than those who peaked later. At end of treatment and one year after treatment ended, weight losses also were smaller for those who peaked earlier compared to later. This pattern of findings is consistent with data published from Look AHEAD, the largest study of long-term behavioral weight loss conducted to date, which found that weight loss maintenance was superior among individuals who had sustained trajectories of initial weight losses (16) .
Remarkable variability in timing was observed, such that approximately one-quarter of participants reached their peak amount of weight loss by month 4 of treatment, while a similar (study 2) or greater (study 1) proportion of participants reached their peak weight loss after month 8. This variability may make it challenging to provide a match between a group-based behavioral curriculum and participants' experiences and goals, as some participants need content that is focused on weight loss maintenance by month 4 of treatment, while this may not be applicable to other participants until much later. If the alignment between the curriculum and participants' experiences is poor, it is possible that motivation, engagement, or treatment response might suffer. In group-based programs, cohesion and support among participants may be more challenging to maintain during periods in which some participants continue to lose weight, while others are maintaining weight or beginning to experience weight regain.
These findings also raise questions about the optimal length and intensity of treatment. While many studies that aim to enhance weight loss maintenance outcomes deliver longterm treatment, briefer treatments also have appeal from a dissemination and scalability perspective, given the prevalence of obesity. Previous research has suggested that dietary adherence is a key determinant of whether weight loss continues or plateaus during treatment (17) . Treatment meetings may provide important support and accountability to facilitate dietary adherence (7, 18 ). In the current study, greater session attendance was associated with later timing of peak weight loss. If brief treatments discontinue clinical contact before peak weight loss would otherwise be reached, the amount of weight loss achieved in the short-and long-term may be blunted.
The proportion of participants reaching peak weight loss at or before month 4 was remarkably similar (i.e., 15-25%) across traditional and experimental behavioral treatment arms, suggesting that regardless of the type of content or skills emphasized, weekly sessions of behavioral treatment from months 1 to 4 are not reaching the ceiling of weight loss for the majority of participants. Because all treatments followed the same schedule and dose of treatment, it is unknown how results may have differed if, for example, weekly sessions had continued for a longer or shorter period of time, or if sessions were held after 12 months.
This study fills a gap in the literature by providing detailed information about the point during long-term behavioral treatment when peak weight loss occurs. Strengths of this study include use of a behavioral curriculum that is representative of the standard approach, examination of study aims in two separate samples of participants, objective measurement of weight, and a moderate amount of racial diversity in the samples. However, these treatment studies were conducted in the same research center, which limits generalizability and highlights the need for other university clinics to report data on peak weight loss timing, as well as the need to examine peak weight loss in community settings. In addition, while the results from studies 1 and 2 were generally consistent, they were not identical, so additional research is needed to determine what pattern is most typical.
Conclusion
This study provides valuable information about the timing of maximum cumulative weight loss during behavioral treatment. Substantial variability in timing was observed, suggesting that it may be challenging, both methodologically and clinically, to anticipate when participants will transition to weight loss maintenance. In the two clinical trials included in this analysis, a larger proportion of participants than expected continued to lose weight during the conventional "weight loss maintenance" period of treatment.
Study Importance Questions
What Is Known
•
Long-term behavioral weight loss treatments (i.e., those that last 12 months or longer) are increasingly being studied. Many of these programs are designed, methodologically and clinically, with the expectation that after an initial period of weight loss, participants will transition to a period of weight loss maintenance and/or weight regain.
• However, limited empirical data are available to establish when during longterm treatment participants reach their greatest amount of cumulative weight loss, or to determine how much variability there is in its timing. The time during treatment when peak weight loss occurs has implications for the methodology of weight loss maintenance studies, as well as for determining the optimal length and content of treatment.
What This Study Adds
• This study found substantial variability in timing of peak weight loss, with larger than expected proportions of participants reaching their greatest amount of cumulative weight loss in the final months of a year-long treatment.
• Participants who peaked later in treatment, rather than earlier in the year, achieved greater cumulative weight losses. Session at which maximum weight loss was achieved. Table 2 Results from regression analyses predicting weight loss at peak, 12 months, and 24 months from timing of peak weight loss. Table 3 Timing and amount of peak weight loss for participants in the experimental arms of study 1 and study 2 Table 4 Results from regression analyses predicting weight loss at peak, 12-months, and 24-months from timing of peak weight loss in experimental arms of Study 1 and Study 2 Note: Session attendance and baseline BMI were included as covariates in the regression models
